A dult spinal deformity (ASD) surgery is complex and challenging, especially in patients with severe deformity or multiple medical comorbidities. Despite advances in surgical technique, spinal instrumentation, and neuromonitoring protocols, new neurologic deficits following ASD surgery remain a major concern and feared complication. Reported rates and severity of new neurologic deficits following ASD surgery differ widely, ranging from 0.55% to 7%, with most reporting nerve root deficits and few spinal cord deficits. [1] [2] [3] [4] [5] [6] [7] [8] [9] To our knowledge, no study has specifically evaluated the impact of neurologic complications on patient-reported outcomes (PROs), due to the limited studies evaluating this topic with variable methodologies (mostly retrospective in nature), small sample sizes, heterogeneous populations, and nonstandardized methods of defining and characterizing neurologic deficits. Therefore, appropriately counseling patients regarding the risk of a neurologic complication with ASD surgery and expected outcome remains a difficult task. Also, the optimal time-frame for analysis of PROs following a complication, particularly a neurologic deficit, remains unknown.
We hypothesized that new neurologic deficits would negatively impact postoperative PROs and result in greater pathology than patients without neurologic deficits. Therefore, the purpose of this study was to assess the rate of neurologic complications encountered following surgery for primary presentation adult lumbar scoliosis and determine the impact of these deficits on 1-year postoperative PROs.
MATERIALS AND METHODS

Patient Population and Study Design
We performed a retrospective analysis of surgically treated patients from a prospective, multicenter (seven U.S. academic centers and two Canadian academic centers) National Institute of Health (NIH) funded clinical trial on health-related quality of life for treatment of primary presentation adult lumbar scoliosis. Institutional Review Board approval was obtained at each participating site before study enrollment and all patients gave informed consent to study participation. The trial was registered with clinicaltrials.gov (NCT00854828). Inclusion criteria were patients 40 to 80 years old, with primary presentation (no previous thoracic or lumbar spinal fusion) idiopathic or de novo lumbar curve with Cobb !308, and an Oswestry Disability Index (ODI) score !20 or Scoliosis Research Society Quality of Life instrument (SRS-QOL) score 4.0 in the Pain, Function, and/or Self-image domains.
Study Measures
Patients were divided into two groups on the basis of the presence (Def) or absence (NoDef) of a new postoperative neurologic deficit and examined for differences in baseline demographic, medical, and surgical factors. Radiographic parameters were evaluated preoperatively and at initial postoperative follow-up. PROs were completed at baseline and at 1-year postoperative follow-up. Outcome measures included SRS-QOL, ODI, Short Form-12 (SF-12) Mental and Physical Component Score (MCS/PCS), and back and leg pain Numerical Rating Scales (NRS). SRS-QOL Subscore is the average score of Pain, Function, Self-Image, and Mental Health domains. Higher scores for ODI and NRS indicate more severe symptoms and pathology (positive change ¼ worsening, negative change ¼ improvement). Whereas higher scores for SRS domains and SF-12 indicate less severe symptoms (positive change ¼ improvement, negative change ¼ worsening). Analysis of 1-year PROs was performed to best reflect a time-point when patients have sufficiently recovered from acute postoperative pain and decreased function associated with extensive spinal fusion surgery, but still be impacted by a neurologic complication. Longer follow-up may be confounded by other complications and/or adverse events (pseudarthrosis, progressive junctional deformities, traumatic fall, or accident), worsening of medical comorbidities, and inevitable loss of patients to follow-up that could confound PRO.
Postoperative neurologic examination was assessed using the International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) from the American Spinal Injury Association (ASIA). 10 New neurologic deficits were defined as events occurring at the time of or immediately after the index surgery.
Statistical Analysis
Baseline demographic, medical, surgical, radiographic, and PRO parameters were compared between the two groups (Def vs. NoDef), as well as subset analysis of the deficit group [Major (MajDef: ASIA B/C) vs. Minor (MinDef: ASIA D)] deficit, using Fisher's exact or Chi-square test (for categorical variables) and Mann-Whitney U analysis (for nonparametric continuous variables). Within-group comparison of PROs from baseline to 1-year postoperative time points was analyzed using Wilcoxin signed-rank test (for nonparametric continuous variables). When a variable was significantly associated with the occurrence of a neurologic deficit, an odds ratio (OR) for developing a neurologic deficit was calculated. A P value < 0.05, based on a twosided hypothesis test, was considered significant.
RESULTS
A total of 141 patients met inclusion criteria and were included in the current analysis. All patients had postoperative radiographs (range: 1 week to 4 months) and 140 patients had complete 1-year PRO data. One patient did not have 1-year PRO data due to death at 8-month follow-up.
Fourteen patients (9.9%) experienced a new neurologic deficit related to surgical intervention: 4 major (ASIA B/C) and 10 minor (ASIA D) deficits. One patient with a major deficit died before 1-year follow-up. The three remaining major deficit patients improved to ASIA D and 6 of the 10 minor deficit patients improved to ASIA E by 1-year followup. Two of the minor deficits were patients with sensory only deficits. Both patients were still symptomatic (parasthesia/dysesthesia) at 1-year follow-up. There were 127 patients (90.1%) in the NoDef group (Appendix 1, http:// links.lww.com/BRS/B189).
Demographic/Clinical/Surgical Variables
There were no differences in demographic or medical characteristics between the NoDef and Def groups, nor between the MinDef and MajDef groups ( Maj indicates major; Min, minor; MWU, Mann-Whitney U; PI-LL, pelvic incidence-lumbar lordosis; SD, standard deviation.
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Twenty-nine percent of the patients in the Def group had neuromonitoring changes compared with only 6.3% in the NoDef group (P ¼ 0.020) ( Table 1) .
Risk Factor Analysis
We found that the 
Radiographic Parameters
No Deficit Versus Deficit There were no differences in radiographic parameters between the NoDef and Def groups at baseline or at initial postoperative follow-up (Appendix 3, http://links.lww.com/ BRS/B189); nor were there any differences in the mean change from baseline to initial follow-up between the two groups.
Minor/Major Deficit There were significant differences in the mean baseline sagittal vertical axis (SVA) of the MinDef and MajDef groups (10.9 vs. 125.0 mm, P ¼ 0.016), as well as the NoDef and both the MinDef (32.1 vs. 10.9 mm, P ¼ 0.039) and MajDef (32.1 vs. 125 mm, P ¼ 0.003) groups (Table 2) . There were significant baseline differences between the MinDef and MajDef groups mean lumbar lordosis (À42.08 vs. À6.58, P ¼ 0.011) and pelvic incidence-lumbar lordosis (PI-LL) mismatch (13.38 vs. 43.08, P ¼ 0.02). There were also baseline differences in the mean lumbar lordosis and PI-LL mismatch between the NoDef and the MajDef groups (À38.88 vs. À6.58, P ¼ 0.007 and 17.48 vs. 43.08, P ¼ 0.015, respectively) ( Table 2) . Initial postoperative radiographic measurements demonstrated significant differences between the MinDef and MajDef groups mean lumbar lordosis (À55.08 vs. À34.08, P ¼ 0.023) and SVA (À6.6 vs. 69.3 mm, P ¼ 0.018). There were also differences in both the mean lumbar lordosis and SVA of the NoDef and the MajDef groups (À50.98 vs. À34.08, P ¼ 0.022 and 10.78 vs. 69.38, P ¼ 0.011, respectively). There were no differences in the mean change from baseline to initial follow-up between the two groups lumbar lordosis (T12-sacrum), SVA, or lumbar Cobb measurements (Table 2) . (Table 3) . Analysis of mean change in PROs found that the Def group had worsened NRS leg pain compared with NoDef group (P < 0.001) as well as significantly less improvement in SRS Subscore (P ¼ 0.049) and SF-12 PCS (P ¼ 0.016) (Figures 1-3 ). Paired analysis of baseline to 1-year postoperative PROs found that the NoDef group demonstrated significant improvement in all PROs (Table 4) . Whereas the Def group only demonstrated improvement in the SRS Pain, SRS Self-Image, and NRS back pain scores and had a significant worsening of NRS leg pain scores. The Def group had no differences in the paired analysis for SRS Function, SRS Mental Health, SF-12, or ODI scores (Table 4) .
Minor/Major Deficit
At baseline, the MajDef group had worse ODI compared with the NoDef group (53.5 vs. 37.0, P ¼ 0.015). There were no differences between MinDef and NoDef groups at baseline ( (Table 5) .
DISCUSSION
Despite advances in modern medicine, ASD surgery continues to have an inherent risk of complications and one of the most concerning postoperative complications is a new neurologic deficit. 11 To our knowledge, there are limited studies that report rates of new neurologic deficits following ASD surgery, [1] [2] [3] [4] [5] [6] [7] [8] [9] and none that we could find specifically evaluating the impact of a new neurologic deficit on PROs. In 1995, Albert et al. 12 prospectively evaluated the impact of complications and health outcomes after adult deformity surgery in 68 patients and found no difference in selfreported health function parameters (SF-36) at 1 and 2 years between patients with and without complications. However, controversy remains and various other studies have demonstrated that the occurrence of a complication can be detrimental to health outcomes and functional results after ASD surgery. [13] [14] [15] Previously reported rates of neurologic complications after ASD surgery have averaged 3.1% [ 5 ], but vary due to differences in inclusion criteria (i.e., primary vs. revision), case complexity, and methods for determining and reporting neurologic deficits. The largest reported series evaluating neurologic deficits following spine surgery by Hamilton et al. 3 retrospectively analyzed the SRS Morbidity and Mortality database (108,419 spine procedures), with a subset analysis of 26,226 adult patients undergoing surgery for a primary diagnosis of scoliosis. The authors found a 1.84% rate of new neurologic deficits (1.52% nerve root, 0.07% cauda, 0.26% spinal cord). Regardless of deficit severity, approximately 45% of patients in each group had complete recovery, 45% partial, and 5% to 10% (4.8% nerve root, 10% spinal cord) with no recovery. 3 In addition, Charosky et al.
2 performed a multicenter, retrospective analysis of primary adult scoliosis patients over age 50 undergoing surgery and found a 7.5% rate of neurologic complications, with risk factors for neurologic complication, including number of instrumented vertebra, fusion to the sacrum, PSO, and high preoperative pelvic tilt of 268. However, this study included three patients with dural tears without neurologic deficits and two patients with late cord-level (>2 yrs postoperative) deficits. 2 In the current study, we report the highest rate (10%) of neurologic deficits following surgical treatment of primary presentation adult symptomatic lumbar scoliosis in the literature. Although most neurologic deficits were nerve root deficits (69% of MinDef patients) and had improvement at 1-year follow-up without additional surgery or treatment, our hypothesis was confirmed that new neurologic deficits negatively impact PROs, with greater patientperceived pathology and higher postoperative leg pain than those without neurologic deficits. Our study also found that patients with new postoperative neurologic deficits had longer length of surgery, larger EBL, and longer hospitalizations. We further subanalyzed patients with Minor (ASIA D) versus Major (ASIA B/C) neurologic deficits and found that the MajDef group demonstrated significantly worse PROs and more postoperative leg pain than the NoDef group, although the MajDef group had a higher ODI score at baseline. Interestingly, the MinDef group demonstrated worse postoperative leg pain compared with the NoDef group, but had no difference in other PROs, except SF-12 PCS. Therefore, our results suggest that MajDef have a greater negative impact on PROs than MinDef, but both MinDef and MajDef groups experienced worse postoperative leg pain compared with the NoDef group.
Our study also demonstrated that patients with intraoperative dural tear/CSF leak were six times more likely to have new neurologic deficits. Patients with neurologic deficits also trended toward a greater mean number of decompression levels per patients (3.0 vs. 1.9, P ¼ 0.061) and more staged procedures (21.4% vs. 5.5%, P ¼ 0.062) than the no deficit group. We postulate patients with more complex, rigid deformed segments causing stenosis of the neural elements increases the risk of dural tear/CSF leak, which in our study was associated with a higher likelihood of a postoperative neurologic deficit. Intuitively, patients not requiring exposure of the spinal canal or manipulation of the neural elements would be less likely to have a dural tear/ CSF leak. However, dural tear/CSF leak occurred in five patients (3.9%) from the NoDef group, and while magnitude of the tear or repair technique may be factors associated with risk of neurologic deficit, these were not specifically evaluated in this study.
Although there were no differences in radiographic parameters at baseline or initial postoperative follow-up between the NoDef and Def groups, a subanalysis demonstrated that the MajDef group had significantly greater sagittal imbalance, less lumbar lordosis, and higher PI-LL mismatch at baseline than the NoDef and MinDef Groups. This again highlights that the baseline characteristics of the MajDef group may have contributed to the risk of a new neurologic deficit. Also of importance, patients with new neurolgic deficits were at a significantly increased risk for having other non-neurologic postoperative complications (OR 22.2), in particular for having a deep vein thrombosis (OR 10.4). An important point is that our study also found that the NoDef group had a substantial rate of intraoperative (10%) and postoperative complications (14%).
Surprisingly, we did not find any differences between patients with and without new neurologic deficits in regard to various demographic variables (age, gender, body mass index, diabetes mellitus), number of levels fused/instrumented, number/type of interbody fusion, and number/type of osteotomy. Also, neuromonitoring changes were only present in 29% of the Def group, which was significantly greater than the NoDef group (6%) in our univariate analysis, but was not found to be an independent predictor of postoperative neurologic deficit in a multivariate analysis. Hamilton et al. 2 reported in their series that neuromonitoring was only used in 65% of cases, with changes in neuormonitoring signals reported in 11% for nerve root deficits, 8% for cauda equina deficits, and 40% for spinal cord deficits. In the current study, most of the reported neurologic deficits, similar to previous studies, 2, 3 were nerve root level; therefore, controversy remains regarding the utility of neuromonitoring in this setting. In addition, surgical decision making in the presence of neuromonitoring changes was determined by the individual surgeon and subsequent intraoperative response (i.e., performance of a Stagnara wake-up test before proceeding) or changes to the surgical plan were not specifically analyzed.
The reporting and study of new neurologic deficits is a difficult topic for various reasons, mostly because the occurrence of catastrophic neurologic complications is seemingly uncommon. Most studies that have reported new neurologic deficits have been retrospective in nature and the data are dependent on accurate recording of the deficit during the hospital admission and at subsequent follow-up visits. Our study is unique because of its high-quality prospectively collected data from an NIH-funded study, with excellent clinical and radiographic follow-up, standardized neurologic assessment methods using ISNCSCI at all enrollment sites, and detailed documentation of all serious adverse events and neurologic complications with oversight by a Data Safety Monitoring Board. Therefore, previous studies may have significantly under-reported new neurologic deficits, and when assessed across the spectrum of spine surgeons (inexperienced to experienced) performing ASD surgery in a heterogeneous population, the rate of new neurologic deficits may be higher than 10%.
In addition, any study evaluating multiple variables and outcomes may be limited by the potential for both type-1 and type-2 error. When multiple univariate comparisons are made, there is the risk of finding a difference between groups due to random chance rather than a true difference (type-1 error). Also, as previously discussed regarding the use of 1-year follow-up, we believe this to be more reflective than an earlier or later time-point. However, there was one of our patients, with a major neurologic deficit, who did not have 1-year PROs due to death during the follow-up period. Therefore, our results may be biased toward underestimating the impact of neurologic deficit on 1-year PROs. Another possible confounding variable is the use of immediate postoperative radiographic parameters, as deterioration of deformity correction (e.g., proximal junctional kyphosis, coronal decompensation) by 1-year follow-up may have impacted PROs. However, the main purpose of using immediate postoperative radiographic parameters was to evaluate the association between amount of deformity correction and new neurologic deficits. Additional analysis of this ongoing prospective NIH trial may provide information regarding the impact of neurologic deficits at later time points, and the change in PROs from the current 1-year analysis.
In conclusion, our study found a 9.9% rate of neurologic deficit following surgery for primary presentation adult lumbar scoliosis, much higher than previous studies. Most neurologic deficits improved by 1-year postoperative follow-up, but appear to dramatically negatively impact 1-year postoperative PROs, with more postoperative leg pain and greater pathology in most patient-reported parameters than those without neurologic deficits.
Key Points
We found a 9.9% rate of new neurologic deficits following surgery for symptomatic primary presentation adult lumbar scoliosis, much higher than the previous studies. Most neurologic deficits improved by 1-year follow-up, but appeared to have a dramatic negative impact on patient-reported outcomes. Patients with new postoperative neurologic deficits reported increased postoperative leg pain and greater patient-perceived pathology compared with those without new neurologic deficit.
